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3 , the index of refraction for the D spectruir. line

of the cro'.7n Klass

\) , the dispersion constant for the cro’.Tn
Hp-Kc slass

0
’

^ the index of refraction for the D spectrum line
of the flint glass

^tL.
F C

the dispersion constant for the flint
glass

.

dj the diameter of the objective.

In accordance with the usual practice, F, the focal
length of the complete objective should be approximately
15 times its diameter. ' This is the ratio Gorm.only
adopted for an astronomical objective although if one has
much shill in figuring the objective a much smaller ratio
iT.ay be em.ployed. For example, Mr. J. Clacey at the Bu-
reau of Standards has constructed an objective 5 inches
in diameter with a focal length of only 30.5 inch which
gave good definition at the center of the field. Ho’vT-

ever unless there are reasons which make imperative the
selection of a smaller ratio it is advisable to not de-
part from the normal ratio of 15,
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Peterriine f and f', the focal lengths of the cro^jm

and flint components respectively by the equations:

f = F(jLrl_) (1)
u

f.= (2)

0

Form the equation:

i4r)
0 ‘ 1

) )

(3)

. N^+2

Np-l
(~l^)y’"+4(f/,+l)^ X‘ + (3I^’^+2)
-V ^-1 D

and eliminate c?<' and I' by the equations:

(4)

(5)

This yields a quadratic in X vhich may be solved and
which will have two real solutions if the glasses
selected are suitable for a telescope objective.
Either solution will deterndne values of the radii for
an objective free from, spherical aberration. The root
smaller in absolute value should always be selected since
it gives the objective with the flatter curves w/hich

are better adapted for a large aperture. Having deter-
mined X , the value of X’ nay be obtained by means of
equation (s).
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Then the radii are given by equations 7 and 8:

^
3(Np-l)f

1 + X

=
* X - 1

’ X' - 1

(3)

(7)

(8)

The objective which has now been designed is the
type in which the cro^wi component is the one nearer
the object and the tvfo surfaces in contact have the same
radius of curvature. An ordinary crown (N£|= 1»524;

0 = 59), or a barium, cro'wn (Np= 1.575, 0= 56), miay be

used v/ith a flint (N^= 1.620, 0 - 33). (The values of

the indices given in the above sentence -i^re only approxi-
mate and will be deviated from; considerably in the glasses
m.ade by different manufacturers.)

If the computation is correctly carried through,
r^ will be positive, which indicates that the first sur-

face is convex, r^ will be negative which signifies a

convex surface for the crc.7n and concave surface for the
flinx component. The third radius may be either
positive or negative and very large in coriiparison with
r , and r

,

If r^, is positive it indicates a concave

surface; if negative, a convex surface,
pairs of glasses v^hich may be selected,

With many
7 will be so

large that it will be a sufficiently good approximation
to make the last surface plane.
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Equations 9 and 10 enable one to determine the thiclc-
nesses of blanks necessary for the crovm and flint com-
ponents respectively:

Thickness of croi^n + k (S)

If Tj is positive,

thickness of flint = + k (lOa)

If r^ is negative,

thickness of flint + k (iCto)

The constant k is the thickness of the blank at its
thinnest part, i.e., the edge of the cro'.m or the center
of the flint. It muso be sufficiently large to give the
necessary mechanical strength to the finished lens. It
is suggested that .04 times the diameter is .x suitable
value for k although this value may be deviated from con-
siderably.

The lens as designed is to be assembled r/ith the t^iro

equal radii of crovrn and flint nested and mith the crom
component turned tcnard the star or distant object. The
values of the radii given by these formulae are approxi-
mate and the final objective should be figured or
parabolized if corr.plete elimination of spherical aber-
ration is to be assured. This is aorriitonly done on the
outside surface of the flint lens. The reader is re-
ferred to Tmithsonian Contributions to Knowledge, Vcl

.

XXXIV, for detailed directions by which an amateur may
learn to grind, polish and figure glass surfaces.
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= 1.5734

0 = 57.6

Illustrative Example

To design a 10 inch obi active using bariun.
crc-;yn, = 1.5734,")}= 57.3 and

flint, = 1.6302, \) = 37.5 glasses.

N' = 1.6203
D

0
'

37. 5

d = 10

Then F = 15 x 10 = 150 inches

f = 150 b = +52.3

f'= 150 (-'b: f'b = -8C-4
3 / , b

\Then values of ^ > \) s-nd are substituted in

equation (3) one obtains the equation

4.016(6.232 10.36 4 X + 3.353+6 . 763)

-0.665(5.837 X' '^+10. 431eKX ' + 4. 255o^^+6 . 858 ) = 0

( 11 )

From equations (4) and (5)

o( = 2.074

X' = -1. 668 X+0.863

( 12 )





Letter Circular 67-6/8/33 6

Introducing these values in equation (11) and
collecting terms

35.035 - 41.336 X + 15.474
+ 37.379

.-16 . 060 + 13 , 503
+ 35 . 969

- 3,551
- 14.336
- 13.303
- 6.835

Adding
8.865 + 7.435 X + 0.736 = 0

This quadratic has the two roots

X =-0.114 or -0.713

The first root is the one which gives the desired soliiticn.

From equation (13) X’ = +0.853

From equations (6);, (?) and (8)

^.5734}
.

(53,3)
. ^

^1 0.836

^ ^
3iP 3̂4lL5̂ ^ , ^,3^3

3 -1.114

r = SiO.- .

62_03 ).. ( .rJ0 .
. 4l ^ +678.0 inches

3 -0.147

From equations (9) and (lOa)

Thickness of crovm. component

100

8 (6 7, 7)

Thickness of

100 + 0.4 = 0.83 inches
8 (-53.8)

flint component

100 + 100
^

8 (-53.8) 8(678)
+ 0.4 = 0.65 inches

.
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